The stress response leading to increases in heart rate, blood pressure, intra-ocular pressure (IOP) and intracranial pressure during laryngoscopy and tracheal intubation has been well documented 1, 2 . Such changes are likely to be harmful to the patients with hypertension and cardiovascular disease, glaucoma, penetrating eye injury or an intracranial space-occupying lesion 2 . Various techniques have been tried to attenuate this response but none has been completely successful. The laryngeal mask airway offers some advantage over conventional laryngoscopic intubation with less pharyngolaryngeal stimulation 3 but with limitations 4 . The intubating laryngeal mask airway (ILMA) was designed to facilitate intubation and have better ventilation characteristics than the standard laryngeal mask 5 . Studies comparing the haemodynamic response to ILMA-guided tracheal intubation with conventional laryngoscopic intubation are limited and have shown 6, 7 . The IOP changes following ILMA-guided tracheal intubation have not been reported so far. This prospective, randomised study was designed to compare the changes in IOP, heart rate and blood pressure following ILMA-guided tracheal intubation with that of direct laryngoscopic tracheal intubation.
METHOD
After obtaining ethics committee approval and written informed consent, 60 adult patients of ASA grade 1 or 2, scheduled to undergo elective spinal surgery were randomly allocated to one of the two groups using a closed envelope technique. Patients Intra-ocular pressure changes associated with intubation with the intubating laryngeal mask airway compared with conventional laryngoscopy 
SUMMARY
This open, prospective, randomised study was designed to evaluate the changes in intra-ocular pressure and haemodynamics after tracheal intubation using either the intubating laryngeal mask airway (ILMA) or direct laryngoscopy. Sixty adult patients, ASA physical status 1 or 2 with normal intra-ocular pressure were randomly allocated to one of the two techniques. Anaesthesia was induced with propofol followed by rocuronium. Tracheal intubation was performed using either the ILMA or Macintosh laryngoscope. Intra-ocular pressure, heart rate and blood pressure were measured immediately before and after tracheal intubation and then minutely for five minutes. In the laryngoscopy group there was a significant increase in intra-ocular pressure (from 7.2±1.4 to 16.8±5.3 mmHg, P <0.01), which did not return to pre-intubation levels within five minutes, and also in mean arterial pressure after tracheal intubation, which returned to baseline levels after five minutes. In the ILMA group there were no significant changes in intra-ocular pressure (from 7.6±1.8 to 10.4±2.8 mmHg, P >0.05) or mean arterial pressure after tracheal intubation. Time to successful intubation was longer with the ILMA, 56.8±7.8 seconds, compared with the laryngoscopy group, 33±3.6 seconds (P <0.01). Mucosal trauma was more frequent with the ILMA (eight of 30) compared with the laryngoscopy group (three of 30) (P <0.01). The postoperative complications were comparable. In terms of minimising increases in intra-ocular pressure and blood pressure, we conclude that the ILMA has an advantage over direct laryngoscopy for tracheal intubation.
Key Words: equipment, intubating laryngeal mask airway, Macintosh laryngoscope, intubation, tracheal, eye, intra-ocular pressure glaucoma, uncontrolled hypertension, gross obesity, increased intracranial pressure or those receiving any drug likely to have an effect on IOP were excluded. All patients received diazepam 0.1 mg/kg orally the night before the procedure and two hours before surgery. Intraoperative monitoring included electrocardiograph, heart rate, oxygen saturation (SpO 2 ), endtidal carbon dioxide and noninvasive blood pressure through a multi-channel cardiac monitor (Datex AS3). After preoxygenation for three minutes, anaesthesia was induced with fentanyl 2 μg/kg followed by propofol 2 to 3 mg/kg until loss of verbal communication. Neuromuscular block was achieved with rocuronium 0.6 mg/kg. The patients' lungs were manually ventilated by nitrous oxide in oxygen for two minutes.
Patients in the laryngoscopy group were intubated with a size 7.5 or 8 cuffed polyvinylchloride tube, using a size 3 or 4 Macintosh laryngoscope. In the ILMA group, a size 3 or 4 intubating laryngeal mask airway (3 for female, 4 for male) was inserted keeping the head in neutral position and the cuff The ILMA was then attached to the anaesthesia breathing system and adequate ventilation was judged by chest wall movement and capnography. If ventilation was unobstructed, a size 7.0 or 7.5, well-lubricated, reinforced, straight, cuffed, silicone tracheal tube was passed through the metal tube of the intubating laryngeal mask until it reached the 15 cm depth marker and then advanced gently into the trachea without applying undue force. If no resistance was felt after the tube was advanced a further 8 cm, the cuff of the tracheal tube was bilateral breath sounds and capnography. In the absence of expired carbon dioxide, oesophageal placement was diagnosed and the tube was removed immediately to re-establish ventilation through the manipulations, such as up-down manoeuvring of the ILMA, raising the mask upwards, partial withdrawal and rotating the tube bevel or exchanging the mask for either a smaller or larger size, were used to optimise the airway 8 . After successful tracheal intubation the ILMA device was removed using a 25 cm stabilising rod, to maintain the tube in place and prevent accidental extubation. The patients' lungs were ventilated using a closed circuit and Ohmeda ventilator to maintain the endtidal carbon dioxide at 32 to 35 mmHg. 66% nitrous oxide in oxygen. Tracheal intubation the facemask to the time ventilation was established through the tracheal tube with CO 2 The IOP was measured using applanation tonometry just before and after tracheal intubation both eyes. The mean of three readings was recorded at every measurement. The heart rate, mean arterial pressure and oxygen saturation were recorded at until the end of surgery. Any episode of hypoxaemia (SpO 2 <90%) and mucosal or dental trauma during intubation was recorded. Patients were assessed for a 48 hour postoperative period for sore throat and hoarseness of voice.
Statistical evaluation
The data has been presented as mean ± SD. Student's t-test was used to compare demographic data and intra-ocular pressure and haemodynamic parameters at each point of time. The trends of heart rate, blood pressure and IOP within the group were analysed using two-way analysis of variance with post-hoc analysis. Postoperative adverse effects were compared using the chi square test. P <0.05 RESULTS two groups in respect of demographics ( Table 1) .
All the patients in the laryngoscopy group were patients in the ILMA group. Three of the remaining four were intubated at the second attempt after manipulation of the ILMA. One patient required changing the size of the ILMA for successful intubation. The time to successful intubation was longer in the ILMA group (56.8±7.8 s) as compared to the laryngoscopy group (33±3.6 s) (P <0.01). The changes in IOP in both the groups are shown in Figure 1 The incidence of postoperative sore throat and hoarseness of voice was comparable in both groups ( Table 2) .
DISCUSSION
To our knowledge changes in IOP after ILMAaided tracheal intubation have not previously been reported. Most previous studies 1,3,9 have shown a marked increase in IOP and blood pressure after conventional laryngoscopic tracheal intubation, with few exceptions 10 . The choice of anaesthetic agents may also affect the post-laryngoscopic IOP changes. In a comparative study Mirakhur et al 11 documented that propofol may attenuate the increase in IOP following tracheal intubation. Other studies 12, 13 following tracheal intubation, despite the use of propofol, especially in glaucoma patients 13 . In our study, the intraocular pressure and mean arterial pressure were comparable in both groups after after tracheal intubation in the laryngoscopy group. The mean changes in IOP during airway placement in both groups, although statistically different, are not clinically important in normal patients. The maximum IOP recorded during tracheal intubation was greater than 22 mmHg in six patients in the laryngoscopy group and this may be detrimental to patients with glaucoma 13 . on the haemodynamic stress response following ILMA-guided tracheal intubation 6, 7 . Joo and Rose 6 reported that the haemodynamic response to blind less than the response to conventional laryngoscopeguided tracheal intubation whereas Kihara et al 7 observed that blind intubation through an ILMA had no advantage over laryngoscope-guided tracheal intubation in patients with normal airways. In our study post-intubation increase in mean blood compared to the laryngoscopy group.
It has been suggested that the haemodynamic response to laryngoscopy and tracheal intubation activity due to oropharyngeal and laryngotracheal stimulation 14 . Shribman et al 15 have shown that the major afferent source of the stimuli responsible for the adrenergic response may be supraglottic structures, distorted by laryngoscopy. Although the mechanisms of IOP response to tracheal intubation is uncertain, it has been suggested that adrenergic stimulation may cause vasoconstriction leading to increase in central venous pressure, which has a closer relationship with IOP than arterial blood pressure. Also, adrenergic stimulation increases the the anterior chamber and Schlemm's canal and thereby can increase IOP 16 .
The possible cause for the lesser increase in IOP and blood pressure in ILMA-guided blind intubation may be lesser adrenergic stimulation at supraglottic level, and also at subglottic level due to the soft tip and well-lubricated silicon tube. Our are similar to those reported by Joo and Rose 6 but differ from the study by Kilara et al 7 . These results differ from the study by Kihara et al 7 . The interstudy differences may be due to the difference in type of tracheal tube selection and different sequence of adjusting manoeuvres. Kihara et al 7 did not use the conventional soft tipped silicon tube in their study. Our success rate and intubation time was comparable with previous studies [5] [6] [7] . Although the intubation time was longer with the ILMA than with the conventional laryngoscope, the ILMA allows ventilation to continue during attempts at intubation decreasing the likelihood of hypoxaemia and hypercarbia during intubation. Although mucosal trauma was more frequent in the ILMA group, postoperative pharyngolaryngeal morbidity d, in accordance with a previous report 7 .
We conclude that the ILMA has an advantage over conventional laryngoscopy in minimising the increase in IOP and haemodynamic response to tracheal intubation in patients with normal baseline IOP and blood pressure. The response may be different in glaucomatous and hypertensive patients.
to intubation through ILMA in these susceptible individuals.
